INTRODUCTION
Adjuvant chemotherapy is one of the most important factors in the longterm oncologic outcomes of patients who undergo surgical resection for colorectal cancer (CRC) [1, 2] . Previous ran domized studies, including the Multicenter International Study of Oxaliplatin/5Fluorouracil/Leucovorin in the Adjuvant Treat ment of Colon Cancer (MOSAIC) study, have proven the superior therapeutic effect of oxaliplatin over 5fluorouracil (FU) in adjuvant chemotherapy for CRC [3] . Currently, oxaliplatin based FOLFOX chemotherapy is widely adapted as a standard adjuvant chemotherapy regimen for highrisk stages II and III CRC patients, resulting in improved patient survival [46] .
The recommended dose of oxaliplatin is not frequently ad min is tered due to side effects such as bone marrow suppres sion or peripheral neuropathy [79] . Dose reduction may reduce the therapeutic effects of oxaliplatin, and it could lead to cancer recurrence or metastasis [10] . However, studies that directly evaluate the association between dose reduction of oxaliplatin and recurrence of CRC or survival are lacking. This study was designed to evaluate the highfrequency group for dose re duc tion of oxaliplatin and to define the acceptable range of dose Purpose: An oxaliplatin-based regimen is the most common adjuvant chemotherapy for patients with stage II/III colorectal cancer, but many patients experience dose reduction or early termination of chemotherapy due to side effects. We conducted this study to verify the range of reduction with oncologic safety. Methods: Patients with stage II/III colorectal cancer who received adjuvant FOLFOX chemotherapy were enrolled in this study. The total amount of oxaliplatin administered per patient was calculated as a percentile based on 12 cycles of fulldose FOLFOX as a standard dose. The cutoff values showing significant differences in survival were calculated, and the clinicopathologic outcomes of patient groups classified by the value were compared. Results: Among a total of 611 patients, there were 107 stage II patients, and 504 stage III patients. At 60% of the standard dose of oxaliplatin, the patients in the dose reduction group were older (62 years vs. 58 years, P = 0.003), had lower body mass index (BMI) (23.1 kg/m 2 vs. 24.0 kg/m reduction that will not influence oncologic outcome.
METHODS
Patients who underwent surgery for CRC at Korea University Anam Hospital between September 2006 and December 2014, followed by adjuvant chemotherapy with FOLFOX6 regimen for stage II and III, were included in this study and reviewed retrospectively. The study was approved by the Institutional Review Board of Korea University Anam Hospital, and all pa tients provided informed consent. Based on the National Com prehensive Cancer Network guideline, stage II with risk factors (obstruction, perforation, inadequate lymph node sampling, or lymphovascular invasion) and stage III patients were recommended adjuvant FOLFOX6 chemotherapy. In our hospital, adjuvant chemotherapy was generally recommended for patients between the ages of 18 and 80. It was conducted considering the postoperative course and the patient's general condition.
The protocol with FOLFOX6 regimen at adjuvant setting used in our institution is as follows: 85 mg/m 2 of oxaliplatin is administered via intravenous (IV) infusion at 150 mL per hour rate within 500 mL of 5% dextrose water at days 1-2, con current with 200 mg/m 2 of leucovorin IV infusion, 400 mg/m 2 of 5FU in IV bolus next, then followed by 2 sets of 24hour IV infusion of 600 mg/m 2 of 5FU solution. The resting periods follow for days 3-14. A maximum of 12 cycles is applied for every 2 weeks. The side effects of chemotherapy were assessed by the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0, and dose reduction was con sidered if the patient had any of the following side effects: hepatic impairment (higher than 3 times the normal range), renal impairment (creatinine clearance rate < 50 mL/min), febrile neutropenia (ANC < 1,000/mm 3 plus fever of > 38.3°C
requiring IV antibiotics and hospitalization), thrombocytopenia (platelet count < 50 ×10 9 /L), chemotherapyinduced peripheral neuropathy (CIPN) (grade > 2; moderate symptoms limiting instrumental activities of daily living such as meals, shopping, managing money), and Eastern Cooperative Oncology Group performance score ≥ 2. Because a specific questionnaire for CIPN was not used in this study, we considered patients re quiring medication for neuropathy to be at grade 3 level of neuro toxicity. If a patient experiences significant adverse effects during the chemotherapy, dose reduction is considered for the next cycle and 75% to 80% of the original dose of oxaliplatin is administered as an initial dose reduction. If the adverse effects progress despite the initial dose reduction, a second dose reduction is considered and the administered dose of oxaliplatin drops to 50% to 60% of the original dose. If the progression of adverse symptoms still continues after the second dose reduction, chemotherapy is terminated early.
The total amount of oxaliplatin administered was calculated as a percentile, reflecting the degree of reduction and cycle. Full administration of a standard dose of oxaliplatin for 12 cycles was set as the reference dosage. The dosereduction group and standard dose group were divided according to each 5% dose reduction, and then overall survival (OS) and diseasefree survival (DFS) of the 2 groups were compared at every point. The cutoff value was defined at the lowest dose of oxaliplatin administered without significant differences in either OS or DFS. Patient demographics, tumor characteristics, operative and postoperative outcomes were compared between groups.
Descriptive results are presented as mean with standard devia tion or median with interquartile range (Q1-Q3) for con ti nuous outcomes and as frequency and percentage for cate gorical outcomes. Student ttest was used to compare conti nuous variables, and the chisquare test or Fisher exact test was applied for categorical variables. Fiveyear OS and DFS were analyzed using the KaplanMeier method, and comparison of survival between groups was performed by logrank test. Linear regression test was used to analyze the change in OS and DFS in regards to dosage, and univariate and multivariate cox regression was analyzed to identify the risk factors for survival. Statistical analysis was performed using IBM SPSS Statistics ver. 22.0 (IBM Co., Armonk, NY, USA). A Pvalue <0.05 was considered statistically significant.
RESULTS
Among 2,761 patients who underwent surgery during the study period, 1,400 received adjuvant chemotherapy as stage II with high risk and stage III. A total of 611 patients who received FOLFOX6 regimen as adjuvant chemotherapy were enrolled in this study. There were 365 male (59.7%) and 246 female patients (40.3%). The mean age was 59.2 years and the mean body mass index (BMI) was 24.8 kg/m 2 . Among the patients, 391 were diagnosed with colon cancer, 205 had rectal cancer, and 15 patients had cancer lesions in both colon and rectum. The mean level of preoperative CEA was 5.9 ng/mL. There were 68 patients who received neoadjuvant treatment, including concurrent chemoradiotherapy in most, and emergency opera tion was performed in 16 patients. The mean operation time was 223.4 minutes and mean estimated blood loss was 127.5 mL. The mean postoperative hospital stay was 11.5 days. There were 107 stage II patients and 504 stage III patients, and the median followup duration was 69 months.
Only 84 patients (13.8%) completed the adjuvant chemo therapy with fulldose oxaliplatin, and the mean administered dose of oxaliplatin was 70% of the standard dosage (Table 1) . There was no significant difference for patients who under went adjuvant chemotherapy 8 weeks postoperatively due to reasons like complication between the groups (5.8% vs. 2.5%, P = 0.061). The median day for administration was 21 days in the reduction group and 17 days in the standard group (P = 0.108). The comparisons of OS and DFS in the reduction group and the standard groups, which were divided according to each 5% dose reduction, are shown in Table 2 . The survival rates were significantly decreased in direct proportion to the dose reduction of oxaliplatin (P = 0.001, R 2 = 0.945 for OS; P = 0.043, R 2 = 0.889 for DFS). With 55% of the standard dose of oxaliplatin, the 5year DFS was significantly different with 67.2% in the reduction group and 75.5% in the standard group (P = 0.039), but there was no significant difference in 5year OS with 62.3% in the reduction group and 82.3% in the standard group (P= 0.068). With 40% of the standard dose, there was a significant difference in 5year OS between the two groups (36.5% vs. 82.3%, P = 0.030).
The cutoff value was set at 60% of the standard dose as the lowest dose of oxaliplatin required to maintain the oncologic outcome. The results comparing the reduction group and the standard group, which are divided at the 60% dose, are shown in Tables 3-5 Table 5 ). There was no FOLFOX chemotherapyrelated mortality reported in this study. The median followup duration was 31.1 months in the dose reduction group and 34.2 months in the standard group The survival differences were not significant in both the 5year DFS and 5year OS between the 2 groups at 60% of the standard oxaliplatin dose (5year DFS, 73.5% vs. 74.2%, P = 0.519; 5year OS, 71.9% vs. 81.5%, P = 0.256, respectively) (Fig. 1) . Based on the subgroup analysis for survivals by N stage, most OS and DFS were not significantly different between the 2 groups, but only OS in the N1 subgroup showed a significance (82.7% vs. 90.2%, P = 0.043). On univariate analysis for OS, operative methods had a significant influence on OS (laparoscopy: P = 0.006, OR 0.236; robot: P = 0.002, OR 0.137). In addition, high CEA, long operation time, long postoperative days, tumor size, and higher number of positive lymph nodes were negatively associated with OS (CEA: P = 0.021, OR 1.012; operation time: P < 0.001, OR 1.004; postoperative days: P < 0.001, OR 1.054; tumor size P = 0.040, OR 1.026; positive lymph nodes: P < 0.001, OR 1.058). Multivariate analysis showed that operation time and number of positive lymph nodes were independently significant predictors of OS (operation time: P = 0.027, OR 1.003; Dawon Park, et al: Dose reduction of oxaliplatin for colorectal cancer positive lymph nodes: P < 0.001, OR 1.076) ( Table 6 ).
DISCUSSION
Our study showed that only 13.7% of the patients with stages II and III CRC completed adjuvant FOLFOX6 chemotherapy at full dose, and survival significantly decreased in proportion to oxaliplatin dose reduction. More than 60% of the standard dose is necessary to maintain oncological outcomes similar to those of the standard dose, although more medications for CIPN were significantly required than in the reduction group receiving oxali platin at 60% or less. Patients in the dose reduction group tended to be older and to have lower BMI and frequent expo sure to neoadjuvant treatment according to a dose cutoff value at 60%.
The FOLFOX regimen has become the standard chemo therapy in CRC treatment [2, 4, 5] . Previous large studies, in cluding the MOSAIC study, have proven that oxaliplatin com bined with 5fluorouracil chemotherapy has oncologic supe riority compared to conventional 5fluorouracil single regi men as an adjuvant chemotherapy for the treatment of CRC [1, 3, 6, 11, 12] . Oxaliplatin is a platinumbased drug that has cyto toxic effects due to interference with DNA and inhibition of DNA synthesis, which results in apoptosis in cancer cells [13, 14] . However, oxaliplatin also alters the function of the voltage gated sodium channels involved with calcium in neuron cells, leading to axon degeneration. In addition, the platinum com pound accumulates in the dorsal root ganglia cells, which causes atrophy of neuron cells [7, 15, 16] . Peripheral neuropathy is one of the most common adverse effects of oxaliplatin, with more than 15% of patients developing grade 3 or 4 neuropathy with a cumulative dose of about 800 mg/m 2 [9, 17] . Although irreversible neuropathy is known to occur in about 5%, the actual patient discomfort experienced during the treatment is fre quently severe, and greatly influences the compliance with chemotherapy and its dose reduction [7, 9, 15] . In the Adjuvant Colon Cancer with Eloxatin study, the ma jority of patients in the registry were treated with only 6 cycles of an average FOLFOX regimen, and there was a signi fi cant difference between the recommended dose and the actual dose administered to patients [18] . The efficacy for the prevention of CRC recurrence is questionable with the reduced oxaliplatin dose [19, 20] , but the studies are lacking. Some studies are currently underway such as the MIDAS trial (protocol No. CRAD001CKR13T).
Our study showed that the survival rate is significantly negatively associated with the dose reduction of oxaliplatin. Similarly, Tsai et al. [21] showed that FOLFOX chemotherapy should be administered as at least 8 cycles to maintain the benefit for OS, and at least 7 cycles for DFS. In addition, MaindraultGoebel et al. [22] showed that highdose oxaliplatin treatment has significant improvement in the rate of disease response and progressionfree survival compared to lowdose intensity. Because DFS showed significant differences at 55% of the standard dose, we set the cutoff value at 60% of standard dose in our study so that survival was not influenced. The dose reduction group had more older patients with lower BMI, and they were suspected to have poor general condition with lower tolerability of FOLFOX chemotherapy. Furthermore, more patients in the dose reduction group were exposed to neoadjuvant treatment, and they may have received less adjuvant therapy due to the fatigability with prolonged overall treatment. In addition, the dose reduction group tended to have more risk factors for survival. Nevertheless, it is very informative that oncologic outcomes in the patients receiving 60% of standard dose of oxaliplatin were comparable to those of the patients in the standard group. This study has several limitations. First, patients in both groups were heterogeneous, and there was a considerable difference in the number of patients in the 2 groups. Thus, our results should be carefully interpreted. Second, there was no comparison with the group of patients who received no chemotherapy, and we thus should not conclude that the administration of an oxaliplatin dose below 60% does not have survival benefits. If the dose reduction group shows superior oncologic outcomes to the nochemotherapy group, chemotherapy administration would be justified despite the side effects. On the other hand, even if the oncologic results of the dose reduction group were comparable or inferior to those in nochemotherapy group, chemotherapy should be tried because it is never clear whether patients will require dose reduction throughout the treatment period. Therefore, a comparison between reduceddose and nochemotherapy groups is necessary to evaluate the value of reduced dose administration. Furthermore, the nochemotherapy group may include many patients with a poor general condition, making it impossible to administer chemotherapy, and careful interpretation will be necessary. Finally, medical records in terms of side effects during the chemotherapy period, especially grading scale of toxicity severity, were lacking due to the nature of the retrospective study. Also, evaluation of the relationship between side effects and dose reduction could not be performed quantitatively in our study.
In conclusion, older patients with lower BMI and more exposure to neoadjuvant treatment showed low compliance with chemotherapy in our study. More than 60% of the standard dose of oxaliplatin should be administrated to patients with stage II/III CRC as adjuvant chemotherapy to achieve comparable oncologic results to those of the standard dose group.
